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Although bovine viral diarrhoea virus (BVDV) is prevalent in
BOVINE viral diarrhoea (BVD) is prevalent worldwide and causes substantial economic losses in cattle farming. Bovine viral diarrhoea virus (BVDV), belonging to the genus Pestivirus in the family Flaviviridae is the causative agent of BVD. The Pestivirus genus consists of four recognized species, bovine viral diarrhoea virus type-1 (BVDV-1), BNDV type-2 (BVDV-2), border disease virus (BDV) and classical swine fever virus (CSFV) 1 . The BVDV genome consists of a single stranded RNA of positive polarity and is about 12.3 kb in length. A singleopen reading frame, flanked by 5-and 3-untranslated regions (UTRs) is translated first into a polyprotein and is then cleaved into four structural proteins (C, E rns , E1 and E2) and seven to eight non-structural proteins (N pro , p7, NS2-3, NS4A, NS4B, NS5A and NS5B) 2 . Sequence analysis of the 5-UTR has been commonly used for Pestivirus diagnosis and classification [3] [4] [5] . Besides, N pro and E2 regions of the genome are useful for detail phylogenetic analysis 3, 4 . Direct or sexual contact with persistently infected (PI) cattle is the major mode of BVDV transmission. However, transmission may also occur through acutely infected animals, artificial insemination (AI), contaminated veterinary equipment and biologicals 6 . BVDV infection in bulls may result in acute infection, persistent infection and prolonged testicular infection or persistent testicular infection (PTI) 7, 8 . Semen from transiently infected bulls can transmit BVDV infection and virus can be detected up to 28 days in such bulls 7 . In contrast, concentration of BVDV in both raw and extended semen of PI bulls remains high and semen from PI bulls consistently infects susceptible animals 9 . PTI develops following acute BVDV infection where bulls become nonviraemic and seropositive, but BVDV is detected in semen or testicular tissue and extended cryopreserved semen from such bulls can infect seronegative cows through AI 10, 11 . Hence, semen should be tested negative for BVDV prior to its distribution for AI.
BVD is prevalent in India, and BVDV-1, BVDV-2 and BVDV-3 have been detected in cattle 5, 12, 13 . However, there is lack of information on BVDV circulating in cattle in southern India and virus has not yet been detected in bull semen in the country. In the present communication, we report identification of BVDV-2 originating from bull semen in southern India and determine its genetic characteristics. A total of four infected Madin Darby bovine kidney (MDBK) cell culture supernatant samples following passage (n = 3) of raw bull semen along with uninfected MDBK cells were received at ICAR-National Institute of High Security Animal Diseases (NIHSAD), Bhopal from the Southern Regional Disease Diagnostic Laboratory (SRDDL), Bengaluru, for Pestivirus testing. The semen samples were originally collected from breeding bulls located in two farms, three from Nucleus Jerses & Stud Farm (NJF), Ooty, Tamil Nadu and one from Frozen Semen Bull Station (FSBS), Nandyal, Andhra Pradesh during April 2015 and were intended for bovine herpes virus 1 (BHV-1) testing. The bulls were cross-bred jersey and 3-4 years of age. The raw semen samples were collected in viral transport medium (VTM) and processed for isolation of BHV-1 using MDBK cells and Eagle's minimal essential medium (Sigma Aldrich, USA) as previously described 14 . All the four bull semen passaged cell culture supernatant samples and the uninfected cells were tested by Pestivirus antigen capture ELISA using IDEXX BVDV Ag/Serum Plus test kit (IDEXX, USA). Viral RNA extraction was carried out from 150 l of cell culture supernatants using RNeasy mini kit (Qiagen, Germany). A Pestivirus generic TaqMan real-time RT-PCR assay 15 targeted at the 5-UTR of the genome was used for detection of Pestivirus RNA using Light Cycler 480. The test was conducted in 25 l reaction volume using the primers BVD190-F (ref. for Pestivirus RNA were subsequently tested by TaqMan real time RT-PCR using primers and probes specific to BVDV-1, BVDV-2 and BVDV-3, using Superscript III Platinum one-step real-time RT-PCR reagent as reported earlier 18, 19 . One-step RT-PCR was conducted to amplify the 5-UTR (288 bp) using primers 324 and 326 (ref. 16 ) and Superscript III one-step RT-PCR System (Invitrogen, USA). To amplify the complete N pro gene, cDNA synthesis followed by PCR using primers 390F (ref. 20) and 1400R (ref. 21 ) was done to obtain a 1080 bp product (position in BVDV strain SD1: nt 368-1448). Following purification from agarose gel, cloning of the amplified N pro product was performed using the pGEMT Easy T/A cloning kit (Promega, USA), and the plasmids were sequenced using V.3.1 cycle sequencing kit (Applied Biosystems, USA) and ABI 3130 Genetic Analyzer (Applied Biosystems, USA). The 5 UTR PCR products were subjected to sequencing directly using the primers 324 and 326.
Assembly of the corresponding overlapping sequences was performed using SeqMan II program of DNASTAR software (DNASTAR Inc., Madison, USA). Reference BVDV sequences were taken from the NCBI database and earlier works. Sequence alignment for 240 bases in the 5-UTR and 474 bases in N pro gene (416-889 nt, BVDV-2 strain 890) was carried out using Clustal W program. The percentage nucleotide identity was generated by MegAlign program of DNASTAR. Evolutionary distances, phylogenetic and bootstrap analyses were performed by neighbour-joining using the MEGA version 6.0 software 22 . The nucleotide sequences have been submitted to GenBank under the following accession numbers, 5-UTR: Ind 3012339 -MF157328; Ind 3012340 -MF157329; Ind 3012341 -MF157330; N pro : Ind 3012339 -MF157331.
BVDV antigen ELISA results showed that three of the four semen passaged cell supernatants were positive. The results of Pestivirus generic TaqMan assay showed that the same three (Ind 3012339, Ind 3012340 and Ind 3012341) samples were positive for pestiviruses with Cp values of 23.0-27.1. When these samples were subjected to BVDV-1, BVDV-2 or BVDV-3 specific TaqMan assay, all were found to be of BVDV-2 (Cp value range 27.41-30.37). All the positive samples originated from the bulls in Tamil Nadu. The uninfected cells tested negative for Pestivirus by both antigen ELISA and real-time RT-PCR.
Comparison of the 5-UTR nucleotide sequences showed 99.6-100% identity among them. Phylogenetic analysis using the 5-UTR sequences demonstrated that all the three strains, i.e. Ind 3012339, Ind 3012340 and Ind 3012341 belonged to BVDV-2a subtype (Figure 1 ) having 93.3-94.1% nucleotide identity with the BVDV2a reference strain 890 (Table 1) . They were found to be more closely related with isolates 53039, 53100 (99.6-99.2%) and USMARC-60764 (98.3%) from USA than the previously reported Indian BVDV-2a cattle isolate Ind 141353 (95-95.4%) and Indian BVDV-2a goat isolate Ind 5197 (94.6-95%). These strains clustered separately from the previously reported BVDV-2 strains from northern India. Phylogenetic analysis of N pro sequences from a representative strain (Ind 3012339) confirmed the same classification as determined by 5-UTR (Figure 1 ). It shared a sequence homology of 86.7-97.9%, highest with strain USMARC-60764 and lowest with strain 890 (Table 2) . However, Ind 3012339 was placed in a clade separate from the earlier reported Indian cattle isolate Ind 141353 from northern India with 89.4% sequence homology.
Artificial insemination using semen contaminated with BVDV still remains one of the major sources of BVDV transmission and can have severe reproductive consequences, including high mortality reported in yearling bulls and heifers 23 . However, there is lack of data on the prevalence of BVDV in breeding bulls used for natural service or AI in India. In accordance with minimum standards of frozen bovine semen production, the bulls should be free from BVDV by virus isolation, RT-PCR or antigen capture ELISA prior to entry, during quarantine and in the semen stations and all the bulls should be tested for both acute and persistent infection 11 . A Pestivirus generic TaqMan assay targeted at the highly conserved 5-UTR was used in this study, as the assay has been found useful for detecting BVDV-1, BVDV-2 and BVDV-3, including the highly divergent BVDV-3 strains in Indian cattle 5, 15 . Previous studies have shown that BVDV-1 is predominantly prevalent, while the occurrence of BVDV-2 and BVDV-3 is sporadic in Indian cattle 5, 12, 13 . However, detection of BVDV-2 in bull semen in this study has important implications for BVDV transmission. Detection of BVDV in raw or cryopreserved extended bovine semen and associated reproductive problems following its use have been reported earlier 7, 23, 24 . BVDV-2 has been classified into two subtypes based on the 5-UTR, N pro and E2 gene analysis, while nomenclature of subtype BVDV-2c remains problematic at present 3, 4, [25] [26] [27] . So far, BVDV-2a has been detected in goats and cattle from northern India, while BVDV-2b has been reported in sheep from western India 13, 25, 28 . Here we report the existence of BVDV-2a in cattle in southern India, indicating the need to study BVDV prevalence and genetic diversity in this region. A very high genetic similarity was evident between the BVDV-2 strains reported here and those from USA 27 , indicating a shared common ancestor. Although the epidemiological link is difficult to prove, the most feasible reason for this finding is the probable introduction from USA through import of infected live animals, biologicals or semen. In fact, India has a historical cattle trade contact with USA and frozen bovine semen is increasingly being imported in recent years for upgradation of indigenous cattle germplasm.
In conclusion, this study revealed circulation of BVDV-2a strains in southern India, which are genetically divergent from those circulating in northern India. Additionally, the study reported the detection of BVDV in bull 
